Introduction
The recognition of the power of the species produced by the combination of phosphoryl chloride with the amide of secondary amine (N-methylformanilide and dimethylformamide have been most often utilized) has its origin in paper in 1894 1 . Later work by Fischer, Muller and Vilsmeier 2 and then by Vilsmeier and Haack 3 and later by groups of Arnold [4] [5] [6] , Meth-Cohn 7-9 and Perumal 10-13 clarified the process and made it into a widely used regimen of acylation, especially formylation of reactive aromatic and heteroaromatic compounds and indeed non-aromatic compounds. Baradarani and coworkers described the reaction of various 3H-indols with the Vilsmeier reagent formed from dimethyl formamide and phosphorus oxychloride to produce aminomethylene malondialdehyde [14] [15] [16] [17] . The reaction of aminomethylene malondialdehyde with various aryl hydrazines led to form pyrazole ring on 3H-indole systems [14] [15] [16] [17] .
Results and Discussion
Diazotization of 2,5-dichloroanilin and subsequent reduction of diazonium salt with stannous chloride dihydrate produced the corresponding 1-(2,5-dichlorophenyl)hydrazine 1. Reaction of compound 1 with isopropyl methyl ketone in a Fischer reaction and in hot acetic acid produced the indolenine 2 in acceptable yield. The structure of produced indolenine was evident from its molecular formula and spectral data, the six-hydrogen singlets for the geminal methyl groups, at δ 1.40 and singlet signal for imine-methyl groups, resonating at δ 2.28. Indolenine was then reacted with the Vilsmeier reagent to produce aminomethylene malondialdehyde 3.
The structure of the aminomethylene malondialdehyde rests on the observation of two -hydrogen singlet at δ 9.85 for aldehyde protons. Absorption at 3432 cm -1 was evidence for the presence of N-H bond, further confirmed by 1 H-NMR one -hydrogen signal for the N-H, appearing at δ 13.63. The reaction of malondialdehyde with hydrazine, phenyl hydrazine, para-methoxy phenyl hydrazine, ortho, meta and para-chloro phenyl hydrazine produced pyrazoles, with migration of the double bond to reform the imine unite. Evidence for the ring closure came from a study of the 1 H-NMR spectra of the products, in particular of the signals from the newly formed pyrazole ring. 
Scheme 1
Condensation of malondialdehyde 3 and cyano acetamide, urea and thiourea has led to the formation of pyridone ring . The 1 H-NMR spectra of pyridine ring of 5 had two one -hydrogen singlet at δ 8.51
for the pyridine 6-hydrogen and δ 8.76, for the pyridine 4-hydrogen. The reaction of malondialdehyde 3 with urea and thiourea were produced the desired pyrimidine-2-(1H)-one and pyrimidine-2-(1H)-thione in very good yields, respectively. Because of the insolubility of 6a and 6b they were identified by only their IR and high resolution mass spectra. 
Conclusions
Malondialdehyde 3 was synthesized in good yield by Vilsmeier-Haack formylation of 3H-indole 2.
Its condensation with hydrazine and various arylhydrazines afforded corresponding pyrazole derivatives. Also, reaction of 3 with urea and thiourea produced pyrimidone and thiopyrimidone derivatives respectively. On the other hand, condensation of 3 with cyanoacetamide afforded 2-oxo-2,5-dihydropyridine-3-carbonitrile derivatives 6a/6b.
Experimental
Melting points were recorded on an electrothermal IA 9200 apparatus and are uncorrected. 1 HNMR and 13 CNMR spectra were recorded on Bruker Arance AQS 300 MHz spectrometers at 300
MHz and 75 MHz respectively. Chemical shifts are in parts per million (ppm) measured in CDCl 3 and DMSO as solvent and relative to TMS as the internal standard. Infrared spectra were recorded on a Thermonicolet Nexus 670 FTIR instrument and High resolution Mass spectra were recorded on a Agilent Technology HP), Ms model: 5973 network Mass, selective detector ion source: electron impact (EI) 70 eV, ion source temperature: 230 °C, analyzer: quadrupole, analyzer temperature: 150 °C, and relative abundances of fragments are quoted in parentheses after the m/z values.
General procedure for the synthesis of (2). A mixture of 1-(2,5-dichlorophenyl) hydrazine dihydrochloride (6 g , 26.25 mmol ) and isopropyl methyl ketone (3.62 g , 42 mmol) was refluxed in acetic acid (20 mL) for 24 h and then cooled, diluted with water, and neutralized with 2M NaOH, then extracted with ethyl acetate (4×50 mL). Organic layer was dried over Na 2 SO 4 . The solvent was evaporated and the resulting viscous oil recrystallized from EtOH to give the indolenine identified as indolenines 2. General procedure for the synthesis of (3). To N,N-dimethyl formamide (19.14 mL) cooled in an ice bath was added dropwise phosphorus oxychloride (9.43 mL, 100 mmol) with stirring at below 10 °C . After this addition, a solution of indolenine 2 (5.34g, 23 mmol) in DMF (9.43 mL) was added dropwise. The cooling bath was removed and the reaction mixture was stirred at 75 °C for 4-6 h. The resulting solution was added to ice cooled water and made alkaline with NaOH (aq) solution. The resulting solution was extracted with ethyl acetate (4×50 mL). The organic layer was dried over Na 2 SO 4 . The solvent was evaporated and the resulting precipitate recrystallized from EtOH to give pure malondialdehyde 3.
4,7-Dichloro-2,3,3-trimethyl -3H-indole ( 2 )
2-(4,7-Dichloro-3,3-dimethyl indoline-2-ylidene)malondialdehyde (3 General procedure for synthesis of (4a). A mixture of the malondialdehyde (5) (0.5 mmol) and hydrazine monohydrate (o.15 g, 3 mmol) in absolute ethanol (10 mL) was stirred at room temperature for 24h. After concentrating the solution, the resulting crystals were collected by filtration and recrystalized from EtOH to give the (4a). 
4,7-Dichloro-3,3-dimethyl-2-(1H-pyrazole-4-yl)-3H-indole (4a)
.
General procedure for the synthesis of (4b-4f).
A mixture of the malondialdehyde (0.5 mmol) and arylhydrazine (0.55 mmol) in absolute ethanol (10 mL) was heated with stirring at reflux for 5-10 h. After cooling and concentrating the solution, the resulting crystals were collected by filtration and recrystallized from EtOH to give the corresponding pyrazoles. -2-(1-(3-chlorophenyl)-1H-pyrazole-4-yl)-3,3-dimethyl-3H-indole (4c) -2-(1-(2-chlorophenyl)-1H-pyrazole-4-yl)-3,3-dimethyl-3H-indole (4d) General procedure for synthesis of (5). To Solution of 2-cyano acetamide (0.105g, 1.25 mmol) in hot ethanol (95%, 10 mL), malondialdehyde (0.15 g, 0.5 mmol) and 1-methyl piperidine (0.014 mL) were added with shaking. The reaction mixture was refluxed for three days. After this time, the mixture was allowed to cool and filtered off. The crystals of the product were washed with 95% ethanol. 5-(4,7-Dichloro-3,3-dimethylindolin-2-ylidene)-2-oxo-2 General procedure for the synthesis of (6a) and (6b)
4,7-Dichloro-3,3-dimethyl-2-(1-phenyl-1H-pyrazole-4-yl)-3H-indole (4b

4,7-Dichloro
4,7-Dichloro-2-(1-(4-chlorophenyl)-1H-pyrazole-4-yl)-3,3-dimethyl-3H-indole (4e
(E)-
Method A: To a solution of urea (23mg, 0.38 mmol) or thiourea (30 mg, 0.39 mmol) and malondialdehyde (100 mg, 0.35 mmol) in ethanol (10 mL), 1-methyl piperidine (0.014 mL) was added and reaction mixture refluxed. After completion of the reaction, the reaction mixture was cooled and the precipitate was filtered, washed with ethanol and dried in air.
Method B: A solution of malondialdehyde (100 mg, 0.35 mmol), urea (34 mg, 0.56 mmol) or thiourea (43 mg, 0.56 mmol) and HCl (37%, 0.035 mL) in ethanol (10 mL) was refluxed for overnight. To the cooled solution, ether was added dropwise until no more precipitate was formed. The resulted precipitate was filtered and dried in air. 
5-(4,7-Dichloro-3,3-dimethyl-3H-indole-2-yl)pyrimidine-2-(1H)-one (6a
